Interesting relationships have been found between refractive index, plasmon energy, electronic polarisability, bond length, microhardness, bulk modulus, force constants and lattice energy. An attempt has been made for the first time to correlate only one physical parameter with others. The calculated values are in good agreement with the experimental values as well as with the values reported in the literature. Refractive index data is the only one parameter required to estimate all the above parameters.
. INTRODUCTION
Recently, much attention has been given to the study of binary tetrahedral semiconductors because oftheir potential applications in linear and nonlinear optics, solar cells, light-emitting diodes, laser diodes, and integrated optical devices, such as switches, modulators, filters, etc. The evaluation of refractive indices o f a semiconductor is of considerable importance for different applications, where the refractive index of the material is the key parameter for the device design. On the basis of Phillips and Van Vechten's' quantum dielectric theory, the refractive index, plasmon energy, and energy gap are interrelated. K~m a r ,~ et al. have successfully developed several empirical relationships between plasmon energy, microhardness, and bulk modulus. R e d d~,~-~ et al. have given a relationship between refractive index and bulk modulus, nuclear effective charge, microhardness, Re- . , Phillips and Van Vechten'sl quantum di-electronic theory has been used to correlate refractive index, plasmon energy, and energy gap. Therefore, it was thought to be of interest to give an expression for refractive index and plasmon energy. Based on the e~ above, the following relationship for the plasmon energy (nw,,) has been proposed:
Here, S,, E,, E,, M and p have the same Here, n is the refractive index, and rn and b meaning as desc;ibed by ~a v i n d r a and Srivastava8. are the constants. The numerical values of these K, and K, are constants and are listed in Table I constants for A"BV1 semiconductors are 22.079.
for A"BV' and A"'BV semiconductors. Recently, Kumar6 has proposed a relationship between bond length and plasmon energy for the A"BVi and A"'BV groups of semiconductors. In the present study, the following relationship has been proposed for the estimation of bond length, d (A) using refractive index of the material:
The relevant values of K, and K, are listed in Table 1 for AI1BV1 and AIiiBv groups of semiconductors. Kumar2, et al. have proposed some relationship between microhardness, bulk modulus and plasmon energy. Using the relationship proposed by Kumar', et al., the following expressions have been obtained for mic'rohardness and bulk modulus:
Though the above equations appear to be the same yet the nature of the linearity and their constants K,, K, and K, have different magnitudes. These values are listed in Table 1 .
Recently, KumaP has proposed a simple relationship between the interatomic force constants a and 0 in terms of nap. In the present calculations, a and p are expressed in terms of n by the following equations:
Neumann's9expression Eqn (7) is used for the estimation of p. J; is the ionicity of the semiconductor.
The bond-stretching force constant ( a ) values are obtained using Eqn (6) in Eqn (7) to estimate the bond-bending force constant P. Kumar7, et a/.
have developed a simple relationship between lattice energy and plasmon energy. Based on curve fitting, the following equation is proposed for calculating the lattice energy in terms of refractive index (n):
Here, K,, K,, K,, K, and Ks are listed in Table I for A"BV1 and AI1' BV groups of semiconductors.
The proposed correlations are empirical in nature and the numerical constants involved in the equations are unique in the sense that they represent the best fit with the experimental data. The relevant input data n, M, p andfi values have been taken from l i t e r a t~r e '~-'~ to estimate, plasmon energy (nap), electronic polarisability (ap,), bond length (d), microhardness (H), bulk modulus (B), force constants (a,P) and lattice energy (U). One can estimate the above physical parameters with the knowledge of refractive index (n) only.
RESULTS & DISCUSSION
The present paper reports different trends between refractive index (n), nap, ap,,, d, a , p, H, B a n d U in A"BV1 and Ai"BV groups semiconductors. The above physical parameters are computed using Eqns (1) (2) (3) (4) (5) (6) (7) (8) and are listed in Tables 2 to 5 . The relevant K values are listed in Table I . Table 2 are in reasonable agreement (except BaS and Base) with the corresponding values given by Kumar6.', et a/. Experimental results confirm the present empirical rule. The proposed relationships between refractive index and electronic polarisability and bond length give an access to study the nature of bonding. Pauling has first established the nature of chemical bonding using the electronegativity concept. It can be observed from the tables that as the electronegativity difference for the groups of semiconductors and bulk modulus with common cation decrease with Thus an atom with higher electronegativity will be more reactive chemically than one with a lower electronegativity. When the electronegativities with an atom engaged with covalent bonding are similar, this factor has little influence on bonding. However, when the difference of the electronegativities of the two species is equal or more than about 0.2 units, small amounts of ionic bonding may take place along with the covalent bonding.
Longer electronegativity difference involves the higher degree of ionicity in the bonding. It is probable that perfectly pure covalent bonding normally does not exist in compounds because no two atoms have identical electronegativities, small degree of ionicity are present. The percentage of ionic bonding, based on Pauling's criterion, is estimated to be 22 per cent in CdS and ZnS. After careful examination ofthe crystal structure, it is known that the wurzite structure is more favourable for crystals with large charge difference of electronegativity between the two kinds of atoms. In other words, the general tendency is such that the wurzite structure is more proven than the zinc blende structure having a higher degree of ionicity. The nature of the bonding is clearly evident from this discussion.
Estimated physical parameters in the present study are in good agreement with the values reported by the different investigators. Several other workers have also estimated these parameters with distinct ideas. But, all the methods enumerated in the literature involves tedious or too many experimental parameter^^-^.^-'^. The main advantage of the present model is the simplicity of the formulae, which do compound^'^. It indicates that the ionicity in these compounds is more in comparison to 111-V groups of compounds. Equation (2) has its special significance. It connects Penn gap, Fermi energy, plasmon energy, refractive index and electonic polarisability. Moreover, it is similar to that of Clausius-Mossotti relationship.
Except MgTe and ZnS values of a, P, the other estimated values are in good agreement with others6. The empirical relationship proposed in the present study will stimulate basic research in describing the physical characterisation o f compound semiconductors. In most of the cases, the values coincide with the others. Hence, it is possible to predict the above parameters of the compound semiconductors with the knowledge of only one parameter called refractive index.
